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YOK 530.19
AbpakiTtos B.E.

XapKiBCbKa HaljioHabHa akagemis MiCbKOro rocnogapcTsa

POJ1b MOAENOBAHHA AKYCTUNYHUX MNMPOLIECIB INPU
ONTUMISALIT LLYMOBOIO PEXXMMY CYYACHOIO MICTA

MepegbaunTyt BNAMB MabyTHIX [Kepen LWyMmy i po3pobuTy KOHKPETHI peKomeHaauiT B
WiV o6nacTi — ofjHa 3 rofIoBHMX 3aad, Lo NoCcTarTb nepes MicToOYy4iBHUKaMU B MPOEKTHIl
npakTuui. OgHMM 3i LWNAXIB HanbiNbLL paLioHa/IbHOrO | MaKCUMasibHO NPUAHATHONO 3a BCiMa
KpuTepisamu nigdopa BapiaHTiB KapTorpagyBaHHs LUYMOBOIO PEXUMY € JOCNI[KEHHSA Ha
Mogensx.

B gaHuii yac yce yacTille /i YacTille Ha HainepLue MicLe BUCTYNakTb NUTaHHA
3a6e3MeyeHHs aKyCTUYHOTo KOMAOPTY cepefjoBULLa MeLLKaHHs JTioauHN. Mepesdaunti Bnavs
ManbyTHix pkepen wymy (ALU), nepegbavati LWYMOBUIA PEXXUM XUTNOBOT 3a6yA0BY i
PO3pPOBUTH KOHKPETHI peKoMeHZaUiT B LA 06/1aCTi — 0fjHa 3 roN0BHUX 3aad, Lo NOCTaloTh
nepez MicTobyiBHUKaMW B MPOEKTHIN NpakTuLi. Po3po6nstoum reHepaibHWUI MiaH HaceneHoro
MYHKTY, MiCTOOYAiBHMK HamMivae po3TallyBaHHS OCHOBHMX paiiOHIB MiCTa i TPaHCMOPTHUX
3B'A3KiB MiXX HUMM, TOOTO BiApasy BUAINAE MiCLEe p 03TaLLyBaHHSA OCHOBHUX [LLI B MicCTi:
30BHILLHBOrO i BHYTPILUHLOrO TPAHCMOPTY NPOMUCIOBUX | KOMYHaNbHO -CKIAACLKMX 30H. LLL06
MaKCUMaslbHO BUKOPUCTOBYBATY MOX/IMBI 3aX04M [/ LLYMO3aXMCTy, HeobXifHa kapTa (Cxema)
OCHOBHUX [XXepen MiCbKOro LUyMy, BUKOHaHa y MacluTabi reHep asibHOro njaHy Micta. BoHa €
OCHOBOIO /19 pPery/toBaHHS LLYMOBOIr0O PeXXUMy Ha Cenuntbbi MicTa, OCHOBO A/151 PO3P0OKM
KOMM/IEKCHNX MICTOBYAIBHNX 3aXO0L4iB A8 3aXMCTY XUTN0BOT 3a0yA0BU Bif LLUYMY.

OfHUM 3i WNAXIB HanbiNbLL paLioHabHOTO | MaKCMMabHO NPUIAHATHOIO 3a BCiMa
Kputepismu nigoopa BapiaHTiB KapTorpagysaHHs LLYMOBOIO PeXUMY € LOCIIKEHHA Ha
mogensx [1].

3rigHo [2], mofentoBaHHA € MeTof, AOCNIKEHHA CKNaAHNX MPOLECiB Ha MoAensiX i3
3aCTOCyBaHHAM MeTO/iB Teopii NoA4o6w nNpu NOCTaHOBLL 1 06pO6LI ekcnepnMeHTy. BignosigHo
A0 Hei [2] ABa fABMLLa Ha3MBatOTLCS NOAIOGHMMMN, SKLLLO BCi KifIbKiCHI XapaKTepuUCTUKM OAHOIO 3
HUX BUXOAATb 3 BiANOBIAHMX IXHiX KiIbKICHNX XapaKTePUCTMK iHLLOIO LLUNSAXOM MHOXEHHS TX Ha
NOCTIilMHI Yncna (KOHCTaHTK NoAobm, HasmBaHi TaKoX «MacluTabaMu MoAeNtBaHHS»), OAHAKOBI
A1 BCIX OAHOPIAHMX BEIMYMH, AKLLO BOHW AKICHO OHAKOBI | XapaKTepusytoTbCA PIBHUM
3HaYeHHAMY fesKUX 6e3p03MipHNX NapameTpiB (BU3HAYa/IbHUX KpUTEPIiB Nogo6bm), CKnageHux 3
(PI3NYHUX | TEOMETPUYHMX BE/IMYVH, L0 XapaKTepusyoTh Ui ABumLLa. OCHOBHOK YMOBOH
BIpOrigHOCTI NpY LbOMY BMCTYMNae Tak Ha3vBaHWI igeHTU(iKaTop NOA06M HATYPHUX ABULY, i
ABULL, LLIO MOAEMOKTLCA: (Pi3nNUHI ABULLA, NPOLECH YN CUCTEMM NOAIOHI, SKLLO B NOAIOHNX
Kpankax npocTopy, Y NoAibHi MOMEHTU Yacy OKpPeMi BE/IMUMHN, LLLO XapaKTepusytoTb CTaH
CUCTeMU, NPONOPLiAHI Bi4NOBIAHUM BeNMYMHAaM iHWOT cucTemu. Mpw nobyaosi Moaenei
BUKOPWCTOBYOTb KPUTEPIT NOA06K, U 6e3p03MipHi uncna, CKnageHi 3 po3MipHUX (i3nyHnX
napameTpiB, L0 BU3HAYatOTb PO3rNAHYTI (i 3uYHI ABMLa. HainpocTilwmm, BifOMUM yCiMm
NPUKIaZoM KpuTepito nogobu €, 30kpemMa, MacluTab reorpaivyHol KapTu uv nnaHy - apio,
YMCE/IbHUK AKOTO JOPIBHIOE OAMHULL, & 3HAMEHHUK — YMCITY, L0 NMOKa3ye 3MEHLLIEHHS
306paXeHHs (Mogeni) BifHOCHO 1Oro X HaTypHWUM po3mMipam. Bum orv Teopii nogo6bu noBrHHI
ByTU HaNeXXHVUM YMHOM BpaxoBaHi Npu NobyaoBi Oyap -AKOT MOAEbHOI CUCTEMU.

FAK BUAHO 3 NpUKNaAeHol cxeMu, Mogeni 3aimatoTb MPOMIDKHE MONOXEHHSA MK ABOMaA
yKpaii BifijaneHnMmn apyr Big apyra nonrocaMu, CnyXxaum CBOro pogy «MiCTKOM» MixX


https://core.ac.uk/display/11317878?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

AbpakitoB B.E. Ponb MO ent0BaHHS aKyCTUYHUX NPOLECiB NPW ONTUMI3aLii LYMOBOIO PeXMUMy Cy4acHOro
micTa. // HaykoBuii BicHuK 6ygisHuuTtBa. Bun. 30. Xapkis: XATYBA XOTB ABY, 2005. - T. 2. - C. 11-190 -
195.

AiameTpasibHO NMPOTUAEXKHUMMN OAUH OLHOMY eKCMEPUMEHTATbHUMM | TEOPETUYHUMM
cnoco6amm JOCNiKEHb.

AK BIiAOMO, BUYeHi (MPUHaNMHI, Ha Cy4aCHOMY PiBHI PO3BUTKY HayKW i TEXHIKN)
noAiNATLCSA Ha TEOPETUKIB | eKCNePUMEHTATOPIB: NepLli 6epyTbCs 3a YMOrNAAHE AOC/IIKEHHS
SKMXOCb MPOLECiB, abCTPaKTHO JOMUC/IOKOTH 1X, | po6NATL HEICHYHOUE A0 HUX NPeAMETOM
3aranbHOro HagbaHHs; ApYri X Y Mipy CBOIX CW/ | MOX/MBOCTEN (& TaKoX CTaHy NPUHaAHOro M
maTepialbHO-TEXHIYHOIO 3a6e3neyeHHs, WO B JaHOMY BUMAAKY AY>Ke HEMaI0BaXKHE)
3aiMaloTbCs 3aB3ATOHO MpaLeto, 3abe3neyytoun TeopeTKiB HAOOPOM AMBHUX (DAKTIB, 30BCIM
HeAOCTYMHMX CNOKOHBIYHO 419 PO3YMiHHS, i HACTINHO NOTPebYUMX 3 TXHBOIO GOKY
HangeTa/IbHILLOrO | HAYKOBOro TAyMadeHHs. MofentoBaHHS AKOCb €HAE TUX i THLUKX, CYXWTb
MIiCTOM MiXX IBOMa MPOTUIEXXHUMUN aHTUTe3aMKn. PO3rnsiHeMO BifOMi Pi3HOBUAW MOLENIOBAHHS,
LLJ0 3aCTOCOBYHOTLCS B HayLi | TEXHIL.
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Puc. 1. Mogeni, - K MeTo[, HayKOBOr0 Ni3HaHHs

Haii6inbLu TOYHY | [OCTOBIPHY (X04a, 6e3yMOBHO, He 30BCiM MOBHY) iH(hopMaLito Npo
L0CNIMKYyBaHUIA NPOLEC, ABULLLE MOXHA OfEPXaTH TifIbKM LLASXOM HAaTYpHU X BUMIpIB [3, 4].
BoHWK, Ha Xanb, NPOCTO He3aCTOCOBHI A/15 AOCNIKEHHS BiNbLLIOCTI HeiCHYHUMX (HanpuKknag,
NPOoeKTOBaHUX) 06'eKTiB. ANPOKCUMaLif JaHWX HATYPHOr0 BUMIpY XapakTepuUCTUK OA4HOr0o
06'eKTa Nif XapaKTepmCcTUKM iHWOro nNofdibHoOro Ao Hboro 06'eKTa TaKoX MOX/IMBA NULLE Y
BKpal pigKux Bunagkax.

Y pagi BunagKiB HabinbL CKnagHa i rpoMizaka YacTUHa CUCTEMU, L0 BBAXKAETLCSA
30BCIM HEMNoTPiOGHOK ANs Linei NPoBEAEHOro aHanisy, 3aMiHAETbCA MOAENHO; iHLLA X YaCTUHa,
L0 6e3nocepeHbO NiANArae BUBYEHHO, 6epeTbea peanbHO (NiB HATYpHI BUMIpH).

®i3nyHe MOAeNOBaHHS 34IACHIOETLCA 3a ONOMOro MoAenen, NoAibHMX [0 HaTypw,
TO6TO NOAIGHI BENMUYMHU MOAENI | HATYPU MatoTb OAHAKOBY (i3nYHY NpUpoAY ¥ OJHAKOBWIA
maTtemMaTU4HUiA onuc. Mpw LboMy 36epiratoTbCs 0CO6/IMBOCTI HATYPHOIO EKCNEPUMEHTY, asie
NONErLyeTbCS OfePXXaHHS pe3y/bTaTiB, TOMY L0 NOYaTKOBO 06paHi 3pyYHi fiana3oHn BUMipY
(hiznyHoro nonto. OfHak Taki Pi3nyHi Mogeni, nobyaoBaHi 3 LOTPMMAHHAM BiJOMUX KPUTEPIiB
Teopii Nofgo6w, 3alimMatoTb BEMMKI MOLLi, TOMY L0 TXHii MacluTab 6e3 nopyLleHHs Nogobun He
MOXe OYTW 3HaUYHO 3MEHLUEHW, HAOUHI Pe3y/ibTaT MOX/IMBO OfepXaTu TifIbKK nicns
peTenbHOT 06P06KM BCiX AaHMX. Mae Micue iXHA 06MexXeHa 061acTb 3aCTOCYBaHHS, OCKi/IbKM
YTPYLHeHe MOAeNt0BaHHSA HafgBHMNX O4HOYACHe Ha 00'eKTi pisHOro Buay. CKMafHICTb NPUCTPOIB
06yMOB/IHOHOTb FPOMI3AKICTb MOAENI AOCNIAKYBaHOr0 06'eKTa i MoAeneli pxepen 3ByKOBOT
eHeprii, HasBHICTb 6e3nivi pisHoBMAis ALL, IXHs ckiafHa KoHgirypauisa (Hanpuknag, Mogesb
NiHinHoro AL — goporu 3 aBTOMOGINSAAMM NOBMHHA NMOBTOPHOBATM BCI 11 YXWUW, BUTUHW |
TPAHCNOPTHI PO3B'A3KK). Y CNOMYYEHHI 3 IHWNMW HeLoNiKaMK, 3a3Ha4eHMK fani, y nepuy
yepry 3 HeoOXiAHICTIO 3MiHW TUCKY MOBITPAHOIO CepefoBuULLA 418 LOTPUMAHHA Nogo6u (415
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4oro Ui JocnigkKeHHs BapTo pobutn B 6apokamepi) i Cnoc 06u He 3aBX AW MOXYTb 6yTH
ONTUMASTbHUMM .

Mogenb npsamoi aHanorii (MIMA) Ha OCHOBI aHanorii iMITye HaTypHY i3nyYHy cuctemy
Mo Tl eNeMeHTax TaKUM YMHOM, W06 KOXXHOMY 3 (Di3MUHMX eNeMEHTIB HaTypu BignoBsigano
BU3HaueHe 306paXKeHHs 0ro ekBiBaneHTa (3 4oro BUMNAMBaE ronosHa nepeeara MIMA —
Haou4HicTb) [6]. Mpwn ubomy 3rigHo [2] ABa sBNMLLLA BBaXXAKOTbCA NOAIGHUMM, AKLLO NO 3a4aHNX
XapaKTepUCTNKaX OLHOI0 3 HUX MOXHA OZePXaTh XapakKTePUCTUKM iHLLOTr0 MacLLUTabHUM
repepaxyBaHHAM, aHa/I0OriYHUM MEPEXOAY Bif OAHIET CUCTEMU OAVMHULL BUMIPY A0 IHLUOT.
To6T0, aHanoroBe MOZeOBaHHS 3aCHOBaHE Ha OAHAKOBOMY MaTeMaTUYHOMY OMWCI, ane PisHili
(hi3NYHIl NPUPOLI CXOXMX BENNUMH MOAeN | HaTypw (TO6TO Ha aHanorisx). Mpu uboMy
Bi6YBAETLCA PO3U/IEHOBYBaHHS CUCTEMM Ha Hel CKNafoBi — (i3YHI efleMeHTU. Y 3a1eXKHOCTI
Bifl CTYMNeHS IeHTUYHOCTI MaTeMaTUUYHMX OMUCIB MOZENi | HATYpPW Ha J0AATOK [0 "Y1CTO
aHanorosoro" (MIMA) MoXHa BUAINUTK LU | TaKWiA Pi3HOBMA, SIK KBa3iaHa/10roBe MOAENHOBaHHS,
- (AKe xapaKTepu3yeTbCs OiflbLL BifAaNeHUM CTYNeHeM aHanorii). JoctoiHcTea MIMNA
Mo3Ha4yalTbCA B TIM UM iHLLIOMY CTYTEHI B 32 IEXKHOCTI Bif NoApo6ULLi i KOHKPETHOCTI
NpeACTaBNEHHA B Hill efleMeHTIB 40CNiMKyBaHOT (hi3nyHOi cuctemm. 3rigHo [ 5], ue ocobnmeo
BiLHOCUTLCA [0 MOAE/IOBAHHS CUCTEM 3 PO3MOLINIEHMI NapaMeTpamMu i QisnyHUMK Nofsmu
(8O AKMX MOXXHA BIAHECTU 3BYKOBI M0/ MPOMMUCIOBUX MiANPUeMCTB). MIMA [atoTb BeNNKY
(hi3nY4HY HaOYHICTb. MNpK NPOBEAEHHI TaKOro poLy LOCNiAKeHb MOXXHA NPOCTEXMWTY BNINB
3MiHa OKPeMO Y3ATOro (hisMYHOro Yv enemMeHTa (paktopa Ha BCKO CUCTEMY B LLiJIOMY, TOMY LLO
KOXEH €/IEMEHT Mae CBOE 300paXkeHHs. Y MOAensx KpanoBmx 3agay 36epiraeTbCsi reoMeTpuyHa
nopgo6a opmm 06n1acTe, Lo AaE MOXIMBICTb LUBUAKOIO BM/IMBY HA TY YN iHLLY AiNSHKY
o6nacTti. Mogenb MOXKHa aHani3yBaTu i KOpeKTyBaTy 3a [JONOMOro MiACTaHOBKMN JaHWX i THLLIMX
eKCMNEPUMEHTIB i HAaTYPHUX BUMIPIB, BUKOPUCTOBYBATM T AN NEPEBIPKM TEOPETUUHMX
npono3uuiin. 3 MeTOK 3a6e3neynT PO3yMHY BUTPATYy yCTaTKyBaHHS, - (a, OTXKe, | BapTiCTb
MoAeni), - BUHMKAE NUTaHHA NPO NPUMYCTUME CNPOLLEHHA MOenNi, Lo Npu 3acTocyBaHHi MIMA
3BXKYETLCA MOPIBHAHO fIETLUe, HDK, 4ONYCTUMO, NPX Pi3UYHOMY MOAEN0BaHHI. 3a LOMOMOro
aHasIoroBMX i KBasiaHa/I0roBMX MOfesieil HEMOXMBO AOCNIAKYBaTN 6yab -AKy, - (NepLuy, Lo 1
TiNbKV NOTpanunace), - 3anpornoHoBaHy (isnyHy 3aady. Y LbOMY CKNaJaeTbCs IXHE OCHOBHE
06MeXeHHs 06nacTi 3acTocyBaHHsA. HeobXifHO BUSBUTK BigMNOBIAHY aHaNOrito, AKLLO BOHA
B3arasi iCHye, i imwwe noTiM OyyBaTn MOLe/b 3 ypaxyBaHHAM CMPOLLEHHS TT e/leMEHTIB.

OcTaHHIM YacoMm 3'ABUacs TEHAEHLIS L0 3MUTTS aHaN10roBOro MoZe/ltoBaHHS 3
KOMM’toTepHUM. [locnifxyBaHa CMcTemMa po34/IeHOBYETLCA HA OKPEMI (Di3NYHI eNIEMEHTH i
BBOAMTLCA B EOM y BMAi IXHIX Mogeneid. Mpw LbOMy Mae MiclLie po34/ieHOBYBaHHS
MaTemMaTM4yHOro onucy LOCNi4KyBaHOT CUCTEMU Ha OKPeMi e NeMeHTapHi onepawii BignosiAgHO 40
Knacy EOM.

MartemaTtuyHi Mofei CTBOPIOKOTb, BUKOPUCTOBYHOUMN MaTeMaTUYHi NOHATTA | BI4HOCUHN:
reOMEeTPUYHI (irypm, Ymcna, BUPKeHHs i iH. MaTeMaTUyHUMM MOAENSIMM B BiflbLLOCTI
BMNaLKiB O0yBatOTb (DYHKLT, PIBHAHHA, HEPIBHOCTI, TXHBOT cuCTeMU. PilleHHs 3agadi
mMaTeMaTUYHUMUN MEeTOAaMM 34iIACHIOETLCA B TPU eTanu:

1. CTBOpeHHs MaTemMaTU4HOI MOAeni faHoT 3agaui;

2. PilleHHs BigNoBigHOT MaTeMaTUYHOT 3aavi;

3. AHani3 o6'ekTa.

P; . ETanu piLu' FHS anKna,q;sa,qaqi M&T@HMMM MeTofamu:

A — faHa NpuvKnaiHa 3afjava B MOJeNtoBaHHi; B — Tl matematuyHa mogens; C — BiAnNoBiab Ans
mogeni; D — BianoBiab Ans gaHoT NpuKnagHoi 3agadi.
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LLLo6 cTBOpMTYM BigNOBIAHY MOAE/b, NOTPIGHO 3HATK He TiNbKW MaTeMaTUKy, ane i Ty
ranysb Hayku i BUPOOHMLTBA, 3 AKWMM 3B'A3aHa AaHa NpuKiafHa 3agada. SKLLOo MoLens CKnajeHa
HenpaBW/bHO, HeMpaBWbHUM ByAyTb i pilleHHs 3afadi, i Bignosiab. BaXMBMM € TaKoX
OCTaHHIN NYHKT piLLeHHs NPUKNaaHoT 3adadvi — aHani3 Bignosigi. Bignosigb C ans abcTpakTHOI
3afadi B Moxe He 3a10BOMbHATY AaHil 3agadi A, Uv 3a0BONbHATK 114 He LinkoMm. Bignosigs C
MOXe 6yTW TOUHO ANs 3afdadi B, BignoBiab Ans NpuknagHoi 3agadi A Mavixe 3aBXan MOXe
OyTV TiNbKM HabMXKeHOH. ToMy X BapTO 3anmcyBaTy BifNOBIAHO 3 NpasBuiamy HabIMKeHNX
06uncneHb.

3afayeto Oyab-AKOro BMAY MOJENOBAHHA NPOLIECIB NOLUMPEHHS 3BYKY 3 METOHO
60poTLOM i3 LLYMOM € NO6YA0Ba KapTU LWYMY 06'€KTa, Ha NiACTaBi AKOI NOTIM aHai3yOTb
MPOrHO30BaHWIA Ha HbOMY LLIYMOBWIA PEXMM, KOHKPETU3YHOTb LLIYMO3aXUCHI 3aX04Mu,
BU3HaYatOTb IXHIO ePEKTUBHICTD i T.4.

MpMHLMNOBO MOX/IMBO NOBYAYBaTH KapTy LWYMy ABOMa Crocobamu:

1) Bu3HayYeHHAM aKyCTUYHUX NapameTpiB Y ANCKPETHUX KOHTPO/IbHUX TOYKaX Ha MOAeni
[0CNigKYBaHOr0 06'€KTa 3 HACTYMHOK IHTEPMONALIEKD 3HaYeHb, Ha NiACTaBi YOro NPOBOAATHCA
Tak Ha3uBaHi i306e/11 — NiHiT, WO 3'€4HYI0Tb KPanku 3 04HAKOBUMM 3HAYEHHAMMW, HANPUKIaL,
PiBHIB 3BYKY. TO6TO CroyaTKy pob/ifTe 06MeXeHe YMUC/O NepepuBYaCTUX BUMIPIB Y AEAKNX
AVCKPETHUX Kpankax; NoTiM (3a IXHIMY JaHWMW) BPYYHY, LLIAXOM iHTepronauii NoLWNPeHHs
OTPUMaHUX BiOMOCTEN I IHTYITUBHUX 340rafiB pobnsaTh KapTorpagyBaHHs WyMmy (4UCKPETHI
cnocobw);

2) CyuinbHOHO Bi3yastizauieto LiSIKOBATOT KapTUHW NOLUMPEHHS 3BYKY (260 XBW/bOBOIO
Moo, L0 MOro MOAENtoE, IHWOT (isnyHOT Npupoan). TobTo BiApasy XX KOPUCTYBaYEBI
HaaeTbCA BUAVMMIA NOBHUI i LiNbHUIA AUCKYPCUBHMIA 06pa3. Lie ABHO HaOuHiLLe, TOMY WO Npu
LIbOMY CMnpaBy BefyTb He 3 AUCKPETHUMY 3HAUYEHHAMM B AKMXOCb OKPEMMX MiCLAX, L0
XapaKTepusytoTb Mose, NPUYoMy B1OIP IXHLOrO PO3TaLlyBaHHA MOXe BUABUTUCA HEBAAIUM, &
KiNbKiCTb y 6yab-KOMY BMNafKy Mo n.1 HeaoCTaTHbO ANS NPaBOMiPHOro Big06paXKeHHs Nosto B
LisiomMy, - a 3 6e3ynMHHUM CyLibHUM nonem. [py LbOMy CEMIOTUKA TaKOT KapTUHW NMOBUHHA
nepeg6ayat MOXIMBICTb 11 MOPIBHAHO HECKNAAHO T i LUBMAKOT PO3LLMGPOBKM i AeKOLYBaHHS
(HegUCKpeTHI cnocobn).

| B TOMY, | B TOMY pas3i CTaBUTLCA 3afa4a OAeP>KaHHS He TiflbKN KilbKiCHUX
XapaKTepuUCTUK LOCNIAXYBaHOro npolecy (Hanpuknag, piBHiB 3BYKY B KOHTPO/IbHMX Kparkax),
asne i BUSIBNEHHS BU3HAUYEHNX IKICHWX 10 FO 0CO6/MBOCTEN (HanpuKag, 3araibHoi KapTUHM
XBW/IbOBOIO NOJIA 3 ypaxyBaHHAM ABULL, ANDpPaKLIT, iHTepdepeHLT, BIJ0OPaXXeHHS 3BYKY i T.4.).
3afaya B 000X BMMaAKax 3BXYETbCA LLUIAXOM MOOYA0BU MOAENI — MPUCTPOID, LLLO BiATBOPIOE
B/IALLUTYBaHHSA | it0 06'eKTa fOCNifKeHb. T aka MoAenb NOBUHHA 6yTY AMHAMIYHOIO,
MPOCTOPOBO-4aCOBOO, JOMYCKATV MOX/IMBICTb 3aCTOCYBaHHA HEEeBKNILOBOI reOMeTpil 4ns
BifOGpaXKeHHs KPpUBM3HK [Mayca, HanpuKiag.

Hawwui BnacHi JoCnifXeHHs CyTTEBO MOLUMPWIN Fany3b 3aCTOCYBAHHA PiI3HOMaHITHUX
MeTOZiB MOfeNtoBaHHsA B akycTuli [Owwmbkal ICTOYHMK CCbINKN He HalgeH. , 8, 9].

Takum YMHOM, HainbiNbLL CNPUSATAMBI YMOBM A419 PiLLIEHHS 3afa Y MiCTOOYAIBHOT
aKyCTUKM CTBOPHOIOTb EKCMEPUMEHTY 3 BUKOPUCTaHHAM MOAEMHOBaHHS K OAHOr0 3 HainbinbLu
e)eKTUBHUX | EKOHOMIYHUX METO/IB AOCNI[KEHHS, LLLO A03BONSE MPOBOANTM TX B YMOBAX,
MaKCVMaibHO HabIMKEHNX [0 peanbHOro. JoCTOIHCTBO eKCrepuMeHTaIbHUX JOCIAXKEHb Ha
MOAENAX - 3AINCHEHHSA (DI3NYHMX CNOCTEPEXXEHb Ha OCHOBI iAeanbHMX YMOB, LLIO HEMOXX/TMBO
3abe3neunTun B HaTypi. He cnig 3abyBaTy, L0 MOBa e NPO CKNadHiwWi AndpakuUiiHi npouecu
Ha TepuTopii MiCbKOT 3a6ya0BK, Ae 6YANHKK, AepeBa, Penbed MiCLEBOCTI BUKNMKAKOTb
HecnoZiBaHi e(ekTy, L0 BAXKKO MifLaoTbCAa MaTeMaTMYHOMY OMIUCY.
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YK 654.927, 654.928

B. 3. AGpakuToB, K.T.H., A€ACTBUTENbHbIN u/ieH (akageMnk) Akagemmm
6e30MacHOCTN 1 OCHOB 340POBbA

Akagemusa 6e30rnacHOCTM 1 OCHOB 30p0Bbs, Knes, YkpanHa

NMPOBJIEMblI MOAEJ/IMPOBAHNA B AKYCTUKE N MNYTb NX
PELLEHNA

OfHOW 13 WHTEPECHENLLMX 3adady, CTOSLMX nepep TEXHUYECKON
aKyCTUKOW, IBNSIETCS MOAENMPOBAHME M POLECCOB PacnpoCcTpaHeHMs 3ByKa
B pa3HOObpasHbIX ycnoBusaX. Takoro poga uccnefoBaHusi 4pesBblYanHO
BaXHbl 4151 U3yUYEHUST CNIOXHENLLMX BOJSTHOBbIX MPOLLECCOB, MPOMCXOASALLNX
NPV U3NYYeHUN 3ByKa, NPW €ro MnocseaytoLllemM MPOXOXAEHUN B YMNPYrnx
cpefax, MHOTOKpaTHOM OTPaXKeHUW OT pa3/IMYHOro poda nperpag, npu
Hen36eXHO  BO3HUKAKOLWMX MpyM  3TOM  UHTEPKEPEHLMOHHbIX N1
ANDPAKUNOHHBIX — SIBMIEHMAX.  [laHHble, MNOJIyYEHHblIE NpPU  TakKOM
MOAENMPOBaHNN aKyCTUYECKMX MPOLLECCOB, MCMO/b3YHTCA ANSA U3yYeHus
BO3MOXXHOCTW ONTUMU3ALNN LLYMOBOIO peXxnma Ha uccnegyeMom o06bEKT €,
nogbopa HeobXxoANMbIX BapMaHTOB LLIYMO3ALLNTHbIX cpeacTB
(pacnonoxeHvne, nowanb W 3PPEKTUBHOCTbL  3BYKOMOI/IOLWAKOLLMX
06/1MLOBOK, KOHMrypaumsi 1 pasmepbl akyCTUYECKMX 3KpPaHOB) M T.M.
[leNcTBUTENNbHO, OCYWECTBUTb 3TO HA  HECYLIECTBYHOLIEM MOKa
(MpOEeKTMPYEMOM, CYLLUECTBYIOLIEM /Mlb €ué B BOOOPaXeHUN CBOMX
co3gareneil) o6bekTe KakMM-NMbo WHbIM CNocoboMm, 3a WCKIYEHNEM
MOAENUPOBaHUS,  MPUHUMNNANIBHO  HEBO3MOXHO  (M6O  HaTypHble
N3MEPEHNST MOXHO OGyAeT NPOM3BECTM Ha HEM /ML TOrAda, Koraa OH yxe
MOCTPOEH). B TO e BpeMs NOCTPOiKa, HanpuMmep, LW YMO3allMTHOroO aKpaHa

BOO/Ib HEKOeW (TakkKe MNPOEKTUPYEMON; OXuaaeTcs, u4TO KpaiHe
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OXWBMEHHOW) aBTOMarucTpan - Aeno AO0BOSBHO AOporocrosiiee; A/
3TOr0 Heo6XoAMMblI abCO/IIOTHO TOYHblIE JaHHble 0 ero  6yaywmx
napameTpax, KOTopble W3-3a HEeU30eXHOro pas/inuma B KOHKPETHbIX
YCNOBUAX ONATb-TakU HEBO3MOXHO NOIYYUTb MYTEM NPOCTOro nepeHoca u
annpokcMMauum Ha Hero napameTpoB APYroro, - yXe CyLeCTBYHOLLEro,
[ENCTBYIOLLLErO paHee NOCTPOEHHOrO - 3KpaHa BAO/Ib KakoW-nmbo apyroi
foporn. 34ecb HeT TUMOBbIX peLlleHuid; 3ajady 3Ty KaxAblid pas
NPUXOANTCA pellatb 3aHOBO - U KOJIMYECTBO MCXOAHbIX napameTpoB A/
Heé ncuncnsieTcs TbicA4aMy U AecATKaMy TbICAY BENUYMH: (A8 TOro Xe
LLYMO3aLLMTHOrO 3KpaHa, B3ATOr0 HaMU B KayecTBe npumMepa, UCXO4HbIMU
[aHHbIMU OYyAyT reHepasibHbl NaH MEeCTHOCTM BMeCTe C eé penbediom,
oKpyXXalLler  3acTpoMKoin, 3eNEHbIMU  HacaxaeHusmn u  ap.) wu
aKyCTUYECKME XapaKTepUCTUKM MCTOYHMKOB LWyma (T.e. Npoesxarwmnx no
Tpacce MalwuH BMeCTe C WX NePeEMEHHbIMW BO BPEMEHW KOIMYECTBOM,
TUNAXOM WU OECUYUC/IEHHbIM  MHOXECTBOM  WHbIX  BapuaTUBHbIX
napameTpos)).

CnepyeTt 3aMeTuUTb, 4YTO OTHIOAb He BCe MOCTaB/IEHHblE 3azayun
Takoro poga pellatTcs cpefcTBaMyu MaTtemMaTU4eckoro MoAenMpoBaHus.
Peub BeAb WAET O C/IOXKHENLIEM KOMMIEKCe WHTePdEPEHLMOHHBbIX U
ANOPaKUNOHHBIX ABMEHUI, MHOTOKpaTHO Hak/aAblBatoLWMXCca Apyr Ha
Apyra npy oTpaxkeHnn oT Mesikux aetasie i (06bl4HbIA dhacas, LoMa, KaK Mbl
NMOHMMaeM, He naeasibHO POBHAasA M/IOCKOCTb: CKOJIbKO Ha HEM BbICTYMNOB,
BNaguH, pasHoro poja MesiKux MI0CKOCTEeN, OPUEHTUPOBAHHbLIX NOA,
COBEpPLUEHHO pa3HbiMK Yyrnamun?). He 3abyaem pechpakuuio 3ByKa, €ro
norsoweHne B cpefe, ero paccesHue, MHOro Apyroro euwé; u, camoe
rNaBHOE - MHOTOKpaTHble OTPaXXeHUSA 3ByKa OT BCTPEYEHHbIX UM Ha MyTu
noBepxHocTel... Kak BCE 3TO yyecTb Ha 6ase ckynoro Habopa
XpecTomaTuitHbiXx dopmyn? HyXHO uWMeTb BBMAY, Hanpumep, 4To

ykazaHHasi BO MHOXEeCTBe Y4YeOHMKOB W CMPaBOYHUKOB MO aKy CTUKe
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XOPOLLIO M3BECTHAsA 3aBMCMMOCTb Crajia YPoBHEN 3BYKOBOrO AaBNEHNSA Npu
YOABOEHUN PacCTOAHMA OT TOYEYHOro WCTOYHMKA 3Byka Ha 6 pab; or
NIMHENHOTO UCTOYHMKA - Ha 3 Ab xapaktepusyeT /vwb abCoOTHO
naeanbHble ycnosua (B Teopuwn); 4YTOOGbI OHa 6naronoslyyHo He
cobnonachk (B peasibHbIX YCNOBUSX, Y)XXe MO [AaHHbIM HernocpeacTBEHHbIX
N3MEPEHNI Ha MpakTuUKe), - BNoJsIHe A0CTaTO4YHO, YTOOblI Ha MUccneayemon
TEppUTOPUN  MeXay WCTOYHMKOM 3ByKA W MECTOM  U3MepeHus
pacnonaranocb BCEro /b OAHO -eANHCTBEHHOE AepeBo, (He roBops yxe
0 penbedhe TeppuUTopuMK, dNIEMEHTaX 3acTPolkM K T.n.) BBoga B Takyto
MaT.MOZe/Ib HEN30EeXHYH0 NonpasBKy Ha 3TO NPEnATCTBUE Ha MYTU 3BYKOBOW
BOJIHbl, Mbl PE3KO YC/IOXHAEM MaTemaTUyeckoe onucaHue; CTOALNA B
nonymeTpe OT AepeBa CcTon6 TpebyeT ouvepedHoi nonpasku, n T.n. B
pesy/ibTaTe KOHeYyHas MaremaTtuyeckas Mofgesib  nosyvyaetcsas B
HaMBbICLLUEN CTEMEHWN CNOXHOW U TMNeprpomo3akoit, - (U, camoe rnaBHoe,
BMNOCNEACTBUN, YXe Noc/e BO3BeAEHUS MNPOEKTUpyemMoro obbekTa
OKasblBaeTCs, YTO BCE paBHO YEro-T0O B HEW HEe yunu; U [AaHHble
nocneaywmx HaTypHbIX W3MEPEeHWin pasv TenbHO OT/IMyalTcAa  OT
NPOBEAEHHbIX MpeaBapuTeNIlbHO MaTemMaTMyecKuMx pacyéTtoB: (U MpuUTOM,
€CTEeCTBEHHO, B XyALlyH CTOpPOHY))?!! Teopusa He coBnagaeT ¢ NpPakTUKOA;
NOAOGHbIM  AB/IEHWEM  HUKOTO  He  yAMBULWIBL,  XpecToMaTtuiiHble
3aKOHOMEPHOCTU pacnpocTpaHeHns 3ByKa, KOHEYHO Xe, C/N efyeT cunTtaTb
[OCTaTOYHO XOPOLWOo pa3paboTaHHbIMU U N3yYEeHHbIMU - (ECNN TOBOPUTbL 06
camoi nx "asbyke", 06 oTAeNIbHO B3ATbIX MX a3ax -3/IeMeHTax): HO peyb B
[aHHOM cnyyae UOET O CBEPXCNOXHENWeM OAHOBPEMEHHOM Has10XKEHUU
APYr Ha apyra AecATKOB, COTEH TbICAY, MUIJIMOHOB OTAE/IbHbIX BOSTHOBbIX
ABNEHUIN; 06 UX NPOCTPAHCTBEHHO -BPEMEHHOM B3aMMOLENCTBUN; 06 UX
obpaTHOM CBA3N W BAUSHWAW OpYyr Ha pgpyra, - Kopo4ye roBopsi, 4YMCTO
YMO3PUTE/IbHO ONUcaTb 3TO BCE KpaliHe TPyAHO?

...MoaToMy TpaAMUMOHHBLIM MNPWU pPeLleHnn Takoro poda 3agad
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SABNSETCA 0O6bIYHO HE MaTemMartuyeckoe, a uanyeckoe MoaenupoBaHue.
Co3pgaétca mogesnb uccrenyemMoro oobekta (B yMEHbLIEHHOM MacluTabe);
eé 06nyyaloT 3ByKOM (NponopuMoHa/ibHbIM HaTypHOMY 3BYKY), U T.Nn. Mbl
He NbITaemMcs paccumtatb MO Kakoi -nmbo 3ayMHOW dpopmyse CRoXeHue
235 3BYKOBbIX BOJIH B OfLHOI TOYKe (NPUTOM - MPUXOAALLMX B HEE C pa3HbIX
HanpaB/ieHWn W nog pasHbIMU yriamu), NoOHUMas 3aBefoMO, 4TO 3TO
MaJ1onosie3Ho; Mbl MPOCTO BOCCO34aéM TpebytoLwmii n3yyeHns npowecc Ha
mMogenu (B USMeHEHHOM, (KakK npaBunio, CUNbHO YMEHbLLIEHHOM) MacLiTabe)
- U TOMIbKO NULWb PEerncTpupyemMm 3atem pesysibTaT Takoro cnoxeHums. OH
nonyyaetcsa cam cobon, afjekBaTHO TOMY, KakK 3TO e MMeeT MeCTo U B
caMOM Mo cebe HaTypHOM OObLEKTe; HUKaKNX CBEPXTPOMO3LKNX
BbIUNC/IEHNIA N YMOMOCTPOEHUIA HE HY)XHO; NpWU YC/I0BUKW, 4YTO Mbl B
Heob6XxoAMMOM CTeneHn cob61onn  TpeboBaHMA nogobus, pesynbTaT
MoAenIMpoBaHusa 6yaeT A0CTaTOYHO AOCTOBEPEH.

FNaBHbIM HeAoCTaTKOM Takoro  (puM3Myeckoro MoAesMpoBaHus
aKyCTUYEeCKMX MnpoLeccoB (T.e. NPU KOTOPOM 3BYK MOAENMPYHOT 3BYKOM)
ABNAETCA HeOoOXOAMMOCTb W3MEHEHWUs 4acToTbl W3/ly4aemMoro 3ByK a B
COOTBETCTBMM C  W3BECTHbIMW  TpeboBaHWAMKW  Teopun  noaobus.
HepoctaTtoyHO nNpoCTO MOCTPOUTH  MOAENb  UCCMefyeMoro 00bekTa,
YMEHbLUEHHYIO BO CTO/IbKO-TO pa3: HeOOXOAMMO B TakOe Xe KOSIMYeCTBO
pas yBe/M4nTb M 4acToTy M3MydyeHus Ha mogenu! Tak, npu maclTtabe
NIMHENHbIX pa3MmepoB Mogenn 1:25 (T.e. kaxgoe 3gaHve U T.M. 3/1IEMEHT
MOAEMPYEMOIN TEPPUTOPUM YMEHBLLEH NPW MOCTPOEHUM MoaeNnu B 25 pas)
HaTypHoe 3BYKOBOE W3/lydyeHue (3aMeTbTe, C/bILMMOro AuanasoHa) Ha
yactote 1 «kly 3ameHsAeTcd MofAeNbHbIM (HO Tenepb yxe -
yNbTPa3ByKOBbIM) C 4acTOTOM M3nydyeHusa 25 kl'y: (M 310 - NpuemsieMbli
BapuaHT, ewWweé [AOonyCTUMbIA K WCNoMAb30BaHW). [anbHeilee xe
yMmeHblleHne mogenu, (gonyctum, B 1000 pa3s; macwTab 1:1000) Boobue

He peanusyemo, T.K. TpebyeT COOTBETCTBYHOLLErO MOBbILEHNS 4acTOTbl
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N3NydeHns Ha mogenu fo 1 merarepl. YNnbTpassyk, rmnep3Byk BooOLLe
06/1a4al0T 3aKOHOMEPHOCTAMM PacnpoCTpaHeHus, OoTnYalWwmMMnca ot
3ByKa B C/IbILLMMOM AuanasoHe; Nno3toMy, Aaxe ecnn ygactca nocTpouTb
Takylo Mofenb (YACTO B TEXHWYECKOM MnnaHe), nogobue MoAeNbHbIX
ABNEHUN HATYpHbIM SABMEHUAM B HEN OKaK eTCA SBHO HapyLleHHbIM.
AHaNOrMYyHO, YyBesnYyeHne pasMepoB MOLENN MO OTHOLUEHMIO K
COOTBETCTBYIOLLMM MM pasmepam HaTypHOro o6bekTa BNe4vyéT 3a Cob6oi
HeobXooMMOCTb  nepexofa 3BYKOBOTO  WU3/lydeHWs Ha Mogesvm B
MH(OPa3BYKOBOI AManasoH 4yacTtoT: (Hanpumep, macwtad 100:1; HaTypH as
yactoTta 100 'y TpebyeT 3ameHbl eé Ha moaenu vactotoir 1 'u). Kpome
TOro, perncrtpaunsa pesysibTatoB 3KCNEePUMEHTOB (MOCKO/IbKY peyb UAET O
3BYKe) OCyLLeCTBNAETCA MUKPOGOHOM; Npu (hn3NYEeCKOM MOLENMNPOBAHUMN,
yMmeHblasas wmogenb (kak, AonycTMM, B OAHOM W3 Bbllleyka3aHHbIX
npumepos: 1:25), COOTBETCTBEHHO, HEOO6XOAMMO B COOTBETCTBYHOLLEE
KOJIMYECTBO pa3 YMEHbLUUTb U camM MUKPOCOH?

...30€eCb eLlé Koe-4yTO MNPOTUB BO3A4yXa, MOCKO/bKY YMeHbLUeHHas
Jomsnyeckan mogesnb MacwTaba 1:25, (pacnosioxeHHasi, eCTeCTBEHHO, B
0ObIYHOW KOMHaTe akyCTMYeckoin slabopaTtopunm WM Ha akyCTUYeCKOM
NMOMIMTOHE NOJ OTKPbITbIM HEO6OM), UMUTUPYET aTMOC(epHoe AaBlieHue,
CrylleHHOoe, yBenuyeHHoe B 25 pas! J/In4yHO Hall COBGCTBEHHbIN BKapg B
passuTue Teopun PU3NYECKoro MoAesIMPOBaHUA 3aKk1i04YaeTcsa B TOM, UTO
MMEHHO Mbl KOHCTATUPOBa/IM KpailHe Mp eHenpuAaTHbIA (HenocpencTBEHHO
AN 3KCMEPVMEHTATOPOB, KOHEYHO Xe) (pakT, YTo Takue OMbiTbl cneayet
npoBoAuTbL B 6apokamepe, a OTHIOAb He NMoj OTKPbITbIM He6OM [1]...

B cBA3M C 3TMM Hawwn COOGCTBEHHble wuccnefoBaHua (nMpuopuTteT
Halmx paHHMX n306peTeHnin gatmpyetca ewé 1992 r. [2]) Benucb B
06/1aCT aHasI0roBOr0 MOAENMMPOBaHUA aKyCTUYECKMX MPOLLECCOB, Mpu
KOTOPOM HaTypHbIA 3BYK 3aMeHsleTcd Ha Moaenu ApyrMm  BUAOM

n3nydeHusi. Tak, Hanpumep, pPacrnpoCTpaHeHWe 3Byka Ha T[OPO/ICKOM
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TEPPUTOPUN 3aMEHANOCH Ha (YMEHbLUEHHO) MOAENN TOW Xe Teppu Topum
pacrnpocTpaHeHeM cBeTa: (T.e. KaxAblii MICTOYHUK 3ByKa MoAennpoBasics
COOTBETCTBYIOLLMM UCTOYHMKOM CBeTa B BUAE MUHUATIOPHO NaMnoyky,
npuyém Tpebyemylo XapakTepuCTMKy HanpaB/ieHHOCTU  U3/1yYeHus,
afeKBaTHYl0 HaTypHON, AOCTaTOYHO HEC/NIOXHO cthopMmpoBaTb 3a CYUET
ncnosib3oBaHns ceetounbTpoB) [3; 4; 5]. PacnpocTtpaHeHne cBeTa Ha
MOLEeNn afeKkBaTHO PacrnpoCTPaHEHUIO 3ByKa B HaType; 30Hbl CBETOBOM
TEHW Ha Mogenv (Hanpumep, 3a MOAENSAMW 3KPaHOB, 34aHWUN)
COOTBETCTBYIOT 30HAM 3BYKOBOW TEHW 3@ CXOLCTBEHHLIMU UM 3KpaHamu,
34aHNAMM B HaType. [pn 3TOM OHM eLLé 1 NPeKpacHO BU3YyasIMPYHOTCS.
PacnpepgeneHue ceBeTa Ha MoAenv, afekBaTHOe pacnpefeneHunto
3ByKa B Hartype, 3HauuTes/IbHO Jsierye 3adhmkcuposaTb; KOIPPULMEHTHI
OTPaXEHNA Ha CXOACTBEHHbIX 3/eMeHTax MOoAesM W Hatypbl Mo
TpeboBaHMsAM Teopun NoAaobus  AONXKHbI  ObiTb  OAWHAKOBbLI, (4TO
CpaBHUTE/NIbHO J1erKO AO0CTUraeTcs 3a CYET nogbopa CBETOOTpaXKarLmX
CBOWCTB Ha NoBepXxHOCTAX Mogenu: (KoadhuumeHTbl OTpakKeHus ceeTa oT
pasHbIX BMAOB MaTepuasioB MNpekpacHo WCCMefoBaHbl B CBETOTEXHMKE.
Bonee TOro - Mbl MPO KO3((PMLMEHTLI OTPAXKEHM A 3BYKA 3HAEM MeEHbLUe,
4em Mpo KoaPuUMeHTbl oTpaxeHus ceeTa)). Cpefa pacrnpocTpaHeHus
B/INSIET Ha 3/IEKTPOMarHMTHoe Wu3fnlydeHne B KpalHe He3HauyuTesIbHOW
cTeneHn (CBeT YCnewHo pacrnpocTpaHAeTCa [faxe B Bakyyme); 3TO
O3Ha4yaeT, YTo nepeHocUTb Modesb B H6apokamepy (C Kyd el CNOXHOCTENR:
YMEHbLUEHHbIM [aB/ieHNs rasa B Hell 4718 uenu nmmtaumm atmocpepHoro
[laB/IEHNA, KaK 3TO HYXHO Npuv oU3N4YecKkoM MOAENNPOBaHUM B aKyCTUKe) -
ABHO He TpebyeTtcA; HapylweHueM nofobmus MOLEesIbHOrO0 U HaTypHOro
AaBneHnii  6e3 ocob6oro yuepba On1a TOYHOCTM W AOCTOBE PHOCTU
pe3ynbLTaTtoB MOAEeNMPOBaHUA BMOJIHE MOXHO npeHebpeyb. CXOACTBEHHbIE
BOJ/IHOBblE XapakTepPUCTUKN (MHTEHCUBHOCTWU M3/Tly4eHUs 060MX BULOB) Ha

MO/IeNN 1 B HaType NPOnopLMOHa/IbHbI; YAC/IEHHAS CBSI3b UX MEXY CO6O
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yunTbiBaeTCcs paspaboTaHHOMW HamMy CUCTEMOM KOHCTaHT nopob wns [7].
COOTHOLLEHNe 4acToT CBeTa U 3ByKa 3HauYMTEsIbHO flerdye nogobparb Tak,
4yToObl OHO COOTBETCTBOBA/I0 COOTHOLUEHWO MaclitaboB JIMHENHbIX
pasmepoB mogenn un Hatypbl [9]. B nocnepywowmx [5] paspaboTkax
HaTypHbIA 3BYK Ha MOAENN 3aMeHs/ICA y)Xe He CBeToM (BUAUMOrO
AnanasoHa), a MHJIpakpacHbIM U3Ny4YeHneM U aaxe pagnoBosiHamu [6, 8],
4TO NO3BOJISIET BapbMpoBaTb MaclITaboMm M3roToBNEHNS MOAENN B NOObIX
npegenax [10].

...OCHOBHbIM OrpaHuMyeHnem w6oro Buaa MoAeNMpoBaHUSA (Kak
don3nyeckoro, Tak U MaTemaTU4eckoro, 1 aHasioroBoro) sBfsieTca TO, YTo,
KaKk 3TO TOBOPAT B MNPOCTOHapoabe, "Konua Bcerga xXyxe opurnHana“.
Mogens (NpuHUunuanbHO, B NO6OM criydyae) npepcraBnser cobown, no
CYTU, NULLIb Xasikoe nogobme HaTypHOro o6beKTa.

Mo 3TON NMPUYNHE HaMBOSbLUYD KPUTUKY HalIMX MCCnefoBaHUin co
CTOPOHbI ApPYrnx cneunasMcTtoB Bbi3blBaeT BOMPOC O MPaBOMEPHOCTU
3aMeHbl  HaTypHOro  3BYKOBOTO  M3/ly4EHUS  MMUTUPYIOLLMM  €ero
3N1EKTPOMArHUTHbIM  U3lyd4eHnemM B Hawmx wmogensx. Peub uaét o6
aHaNornn BOIHOBLIX SIBMIEHUI B TOM M APYrom ciy4vae: (ecnvm oHa He byaet
BbINOMHATLCS, MOfAENlb, €CTECTBEHHO, He npaBoMepHa). Hamu 6bian
BbINOJ/IHEHbI UCCNEeA0BaHMSA 3TOro Bonpoca (MOXHO /i MOAeNnnMpoBaTth 3BYK
APYTMM  BUMAOM UM3NYYEHUA?) - a Takke W3YYEeHUS pacxoxXOeHuin B
0COBEHHOCTAX pacnpoCcTpaHeHus 3ByKa W 3/IEKTPOMArHUTHOrO U3/y4yeHus.
Pe3ynbTatbl TakMx uccregoBaHuint (B uMx Haubonee MOMHOM BuUAe)
npeacTasrieHbl B [4, 5, 11, 12] n ocobeHHOo B [6].

Pesynbtarsl nccnenoBaHui ybeantTensHo NMoKasblBaloT:
NpeaioXeHHbI HaMmn cnocob mopgenuposaHust [8] M MHOrOYMUCNIEHHbIE
yCcTpoiicTBa AN ero ocyuwectsneHua [2, 3, 6, 9, 10] nNONHOCTbIO
NpaBOMEpPHbI; aHa/1I0rNsi BOJTHOBbLIX SIB/IEHWIA 3BYKA M 3NEKTPOMAarHUTHOIO

N3My4eHna umeet Mecto [6, 11, 12]; He cywecTBYeT HUKaKMX Hay4HbIX
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nmMbo TeopeTUyeckux NpeanocbioK, NPensATCTBYIOLWNX 3aMeHe 3ByKa Ha
06beKTe, noanexatiem MOENNPOBaHNIO, 3NEKTPOMArHMTHbIM
N3y4eHeM B ero aHasioroBo Mogesn.
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